Objective-Moderate alcohol consumption is associated with reduced cardiovascular disease (CVD) risk. Whether this protection is based on a lesser degree of coronary atherosclerosis has not been established. Methods and Results-We studied 1676 men and 465 women consecutively undergoing coronary angiography. A score (ATS) was calculated by summing the percent lumen narrowing of all main vessels; alcohol consumption was quantitated by questionnaire. In univariate analysis, ATS was significantly (PՅ0.001) associated with male sex, age, familial CVD, smoking, diabetes, hypertension, and serum cholesterol levels; alcohol consumption was associated with less frequent diabetes (PϽ0.001) and lower ATS (Pϭ0.02). By multivariate analysis, alcohol intake was associated with lower ATS (PϽ0.01) independently of the other risk factors; the estimated effect size was comparable to that associated with a 1-mmol decrement in serum cholesterol. Over a median follow-up of 93 months, 37 women and 194 men died from a cardiac cause. By Cox analysis, positive predictors for cardiac mortality were male sex (hazard ratio [HR], 1.7; 95% confidence interval [CI], 1.1 to 2.6]), age (HR, 2.1; 95% CI, 1.8 to 2.5 per decade) and diabetes (HR, 1.7; 95% CI, 1.2 to 2.4), whereas alcohol consumption was the only negative predictor (HR, 0.84; 95% CI, 0.71 to 1.00).
A therosclerotic cardiovascular disease (CVD) still is the leading cause of death and loss of disability-adjusted life years. A large number of epidemiological studies have documented that moderate alcohol use is protective against CVD. 1 In a recent analysis of the modifiable risk factors for acute myocardial infarction in 52 countries, 2 regular alcohol consumption was independently associated with reduced incident myocardial infarction in both sexes, at all ages and in all regions. A number of mechanisms have been postulated to explain this association, including an increase in serum high-density lipoprotein (HDL) and apolipoprotein-A 1 levels, 3 anticoagulant effects-by either direct platelet inhibition or inhibition of the fibrinolytic system 4 -6 -a reduction in inflammation, 7 and an enhancement of insulin sensitivity. 8 The physiological basis for the protective effect of alcohol is, however, less certain. The 6 angiographic studies in the English literature 9 -14 (Table I , please see http://atvb. ahajournals.org) have included only men (nϭ4) or only women (nϭ1), are of limited size, have used variable adjustment for relevant CVD risk factors, and mostly (5 of 6) lack follow-up data. This prompted the present study, in which the association of alcohol consumption with angiographically quantified coronary atherosclerosis was analyzed in a large cohort of men and women, in whom information on classical CVD risk factors and clinical outcome was available.
Materials and Methods
Patients From 1983 to 1992, 2141 of the 4754 patients admitted to our coronary division underwent coronary angiography as part of the clinical work-up of symptoms or signs of heart disease. The indications for angiography were: acute myocardial infarction (nϭ43), previous myocardial infarction (nϭ213), cardiomyopathy (nϭ118), valvular disease (nϭ105), arrhythmias (nϭ30), unstable angina (nϭ34), acute pulmonary edema (nϭ6); the remainder of the patients had signs or symptoms of myocardial ischemia. Clinically, 52% of men and 56% of women presented with angina on effort, whereas 75% of men and 26% of women presented with resting angina; 56% of the cases presented with both. Since 1983, the relevant clinical data of each patient have been transferred immediately after discharge to a database created for this purpose. Each patient record consisted of the following blocks of information: (1) demographic data (sex, age, height, weight, years of school education); (2) clinical data (history of resting or effort angina, myocardial infarction, acute cerebrovascular events, coronary bypass surgery, and coronary angioplasty); (3) angiographic data. Any stenosis in a main coronary artery was graded in 1 of 4 levels (50%, 75%, 90%, and 100%); stenoses smaller than 50% were defined as irregularities. Clinically significant obstruction is defined as a narrowing by at least 50% with respect to the prestenotic segment, the grade of the narrowest one was considered. These descriptions constituted the basis for the diagnosis of 1-vessel, 2-vessel, or 3-vessel disease. present or absent according to whether Ն1 first-degree relatives were affected. For the first variable, a score was also derived as the sum of all affected relatives (scored as 1 for parent, 1/n for each affected of n siblings, 0.5 for each second-degree relative; values were multiplied by 5 if the subject was affected before age 60 years). Patients were classified as cigarette smokers, past smokers, or nonsmokers. Cigarette consumption (in pack-years) was estimated by multiplying the number of packets per day by the years of smoking. Patients with either a previous diagnosis of hypertension or with blood pressure Ն140/90 mm Hg on repeated in-hospital measurements were labeled as hypertensive; whenever possible, disease duration was also estimated. Systolic and diastolic blood pressure and heart rate were recorded as the average of five morning values during the first 5 days after admission to hospital. Patients were classified as having known diabetes if they reported a previous diagnosis or were receiving antidiabetic treatment. Patients with type 1 diabetes mellitus (nϭ12) were excluded from the analysis. Patients with Ն2 consecutive fasting plasma glucose concentrations Ͼ7.0 mmol/L and no history of diabetes were classified has having newly diagnosed diabetes. Individual alcoholic beverage consumption was assessed by a standardized questionnaire. Questions about intake of beer, wine, and spirits were included separately. Total alcohol intake was calculated in grams by adding usual intake of alcoholic beverages, assuming the following content: 1 drink of beer, 12.8 g; 1 drink of wine, 11.0 g; and 1 drink of spirits, 14.0 g. From the routine chemistry performed on admission, the following data were taken: plasma glucose, total cholesterol, and triglycerides. In addition to grading coronary disease in terms of clinically significant obstruction, the overall atherosclerotic involvement of the coronary vasculature was quantified by a modification of a method proposed previously. From the original descriptions of the angiograms, an index (ATS score) was calculated by summing the percent narrowing of all stenoses, including multiple stenoses along the same main vessel or those on secondary branches (irregularities were taken as 40% stenosis). This ATS score was calculated for each of the main coronary vessels as well as for the entire visible coronary tree.
Follow-Up
Information concerning death, new acute myocardial infarction, and surgical or transluminal coronary revascularization was collected yearly up to 10 years after discharge from the following sources: outpatient visits, telephone interviews (with the patients, close relatives or the referring physician), questionnaires sent to all patients, and death certificates. Information concerning the events were classified as follows: no event, nonfatal myocardial infarction, cardiac death (which included sudden death, acute left ventricular dysfunction, fatal myocardial infarction and death during or immediately after coronary by-pass surgery), and noncardiac death (which included cancer, accident, stroke, acute pulmonary disease, etc).Of the 2141 patients, 24 subjects were lost to follow-up. Death from all causes was verified in 289 men and 60 women; death from cardiovascular causes was verified in 194 men and 37 women; acute nonfatal myocardial infarction occurred in 144 patients, and an additional 68 patients had a fatal myocardial infarction.
Methods
Cardiac catheterization was performed according to the Judkins technique. 15 Left ventricular end diastolic and aortic pressures were measured routinely during catheterization. Selective left and right coronary angiography and left ventriculography were performed (in that order), with multiple views (2 for the ventriculography and 6 for the coronaries). The images were recorded on 35-mm film and reviewed by the 2 hemodynamists who had performed the invasive study. Echocardiography was performed as described previously.
Statistical Analysis
Values are given as meansϮSD. Between group mean differences were tested by the unpaired t test (or ANOVA) or the 2 test, for continuous and nominal variables, respectively. Serum triglycerides, cigarette and alcohol consumption, and the ATS score are given as median and [interquartile range] and were logarithmically transformed for statistical analysis. Multiple regression and logistic analyses were performed by standard methods; results are given as regression coefficient (meanϮSE) and odds ratio (point estimate and 95% confidence interval [CI]), respectively. Multivariate analysis of mortality was performed using Cox proportional hazards analysis; results are expressed as hazard ratio (HR) and 95%CI. Table 1 shows the clinical characteristics of the study cohort stratified by sex and presence (ATSϩ) or absence (ATSϪ) of any angiographically documented coronary narrowing. In comparison with ATSϪ subjects, ATSϩ men and women were older, more often diabetic or hypertensive, or smokers or dyslipidemic (higher serum total cholesterol or triglyceride concentrations). A family history of ischemic heart disease was more prevalent in ATSϩ men but not in ATSϩ women. Among men, 24% were nondrinkers as compared with 59% of women (PϽ0.0001); however, average alcohol consumption was comparable to that of previous studies (Table  1) , and very few subjects habitually consumed Ͼ500 g of alcohol per week and men generally consumed more alcohol than women. By using the sex-specific median alcohol consumption (231 g/wk in men and 154 g/wk in women), we stratified subjects into nondrinkers, light drinkers (below the median value) and moderate drinkers (above the median); their clinical characteristics are shown in Table 2 . Alcohol consumption was associated with significantly less frequent diabetes in both women and men, and with less frequent hypertension (and lower systolic and diastolic blood pressure values) in women only. Current smoking was more prevalent among moderately drinking men. Alcohol consumption was associated with higher serum total cholesterol concentrations. Serum triglycerides, however, tended to increase in men and decrease in women across drinking status (Pϭ0.06 for the interaction). The ATS score was smaller in women than men and, in either sex, decreased across drinking category. The percentage of subjects with clinically significant obstruction in a major coronary vessel (single vessel or multivessel disease) generally decreased across drinking status ( 2 ϭ22.3, Pϭ0.0002); this effect fell short of statistical significance when sexes were tested separately.
Results
In univariate analysis, the ATS score was significantly (PՅ0.001) associated with the classical CVD risk factors (male sex, age, familial ischemic heart disease, smoking, presence of diabetes or hypertension and serum total choles-terol levels); alcohol consumption was associated with a lower ATS (Pϭ0.02). In multivariate analysis (Table 3) , moderate alcohol consumption was associated with a lower ATS score independently of the other CVD risk factors. In this model, the interaction between sex and alcohol consumption was not significant (Fϭ1.62, Pϭ0.2). The predicted effect size was comparable to that associated with a 1-mmol decrement in serum total cholesterol concentrations. When the analysis was performed by using presence or absence of angiographically documented coronary atherosclerosis (ATSϩ or ATSϪ) as the dependent variable, the odds ratio for moderate alcohol consumption was 0.75 (95% CI, 0.56 to 0.99) ( Figure 1) ; adding diabetes treatment had no effect whereas adding antihypertensive treatment yielded an additional independent risk (OR, 1.60; 95% CI, 1.25 to 2.04) without weakening the effect of alcohol use.
Over a median follow-up period of 93 months, a total of 60 women and 289 men died from all causes; significant predictors of total mortality were male sex (HR,1.5; 95% CI, 1.0 to 2.1), age (HR, 2.0; 95% CI, 1.7 to 2.3 per decade), diabetes (HR,1.6; 95% CI, 1.2 to 2.1), and smoking (HR, 1.4; 95% CI, 1.3 to 1.9). When considering cardiac mortality alone (37 women and 194 men), presence of any degree of coronary atherosclerosis was a strong predictor in both men and women (PϽ0.001). When cardiac mortality was related to the number of vessels (0, 1, or Ն2) with clinically significant stenosis, the protective effect of an alcohol consumption of Ն200 g per week was only evident in the patients with multivessel disease (Figure 2) . By a Cox proportional hazards analysis that included indications for angiography, male sex (HR, 1.7; 95% CI, 1.1 to 2.6), age (HR, 2.1; 95% CI, 1.8 to 2.5 per decade), and diabetes (HR, 1.7; 95% CI, 1.2 to 2.4) were significant positive predictors, whereas alcohol consumption (as a continuous variable) was a significant negative predictor (HR, 0.84; 95% CI, 0.71 to 1.00) ( Figure  3 ). In this model, the sex-alcohol consumption interaction was not significant ( 2 ϭ0,07, Pϭ0,79 ). In addition, introducing ATS into this model reduced the predictivity of alcohol consumption (HR, 0.86; 95% CI, 0.73 to 1.02).
Discussion
The main result of the present analysis is that, in a referral population of subjects at high risk for CVD alcohol consumption was associated with less coronary atherosclerosis at angiography and reduced cardiac mortality at follow-up. Specifically, after accounting for all other major CVD risk factors moderate alcohol consumption (in our cohort, Ͻ231 g/wk in men, Ͻ154 g/wk in women) was associated with a reduction in the ATS score comparable to that predicted by a 1-mmol decrement in serum total cholesterol concentrations. Although the data suggest that lighter alcohol consumption may not carry such benefit, a clear threshold or J-shaped relationship 16 could not be identified because our cohort included too few women (who drank less than men) and very few heavy drinkers. Also, the ATS score decreased across drinking category somewhat, but the change was more evident in women than in men, ie, in the smaller group. Accordingly, when the multivariate analysis of ATS predictors was performed separately in men and women, there was a suggestion that in women the protective effect of alcohol (OR, 0.67) was stronger than in men (OR, 0.87), but this difference was not fully supported statistically. Finally, the effect of alcohol consumption on coronary artery disease was seen both when using ATS, ie, the total extent of lumen narrowing in the visible vasculature and by using the criterion of clinically significant obstruction, ie, the tightest of all visible stenoses along a major branch. Of note is that the effect of alcohol was independent of the confounding influence exerted by much stronger determinants such as age, smoking, and diabetes.
In our cohort, cardiac mortality was predicted by the expected set of risk factors (Figure 3) and was clearly related to the severity of coronary atherosclerosis in men as well as in women. Furthermore, there was a graded increase in cardiac deaths in subjects with Ͼ1 vessel involvement on the angiogram. This finding implies that, although cardiac mortality can be caused by a variety of causes (myocardial infarction, arrhythmias, and heart failure), the underlying atherosclerotic disease of the coronary vasculature is a common soil for any such cause. By analogy, the observed protection by alcohol consumption against cardiac mortality can be thought to be causally related to the less extensive atherosclerotic disease of the coronary arteries. In fact, when ATS was included among the predictors of cardiac death, the protective effect of alcohol was attenuated. Of note, reduced cardiac mortality with an alcohol consumption of Ն200 g per week was clearly seen in patients with multivessel disease, whereas this effect was not evident in patients with single vessel disease. Although in general any effect is more readily demonstrable in higher-risk than in low-risk conditions, this finding may also suggest that the mechanism by which alcohol exerts its anti-atherogenic action relates to the progression of the disease rather than its initiation. With regard to this, the only serial angiographic study relevant to this issue, performed in a small cohort of Swedish women hospitalized for an acute coronary syndrome, 14 has documented a slower progression of coronary atherosclerosis in women drinking moderate amounts of alcohol (Ͼ35 g/wk) as compared with both lighter drinkers and abstainers.
Collectively, our findings provide strong support for the notion that moderate alcohol consumption is associated with a degree of protection of the coronary vasculature from atherosclerotic involvement, and that this effect translates into a modest reduction in risk of cardiac death over a period of several years. Clearly, this conclusion cannot be readily extrapolated from a Coronary Care Unit referral population to the general population, in which quantitative assessment of coronary atherosclerosis is not feasible (at least by invasive methods). The finding, however, that regular alcohol consumption is independently associated with fewer clinical events (incident myocardial infarction) in both sexes, at all ages and in all regions 2 does imply that reduced coronary atherosclerosis may be the underlying reason also in the general population.
It is of interest that in our cohort there was relatively little difference in the clinical phenotype between drinkers and nondrinkers (Table 3) . Thus, age, adiposity, familial ischemic heart disease, and smoking habits were similar across drinking status in both men and women. The only clinically relevant phenotypic differences were the lower prevalence of known diabetes in drinkers versus nondrinkers (in men and women) and the lower prevalence of hypertension (in women only). With regard to this, there is ample evidence that moderate alcohol consumption reduces the risk of both prevalent 17 and incident diabetes. 18 -19 Furthermore, moderate alcohol consumption reduces CVD risk in diabetic patients to the same extent than in nondiabetic subjects. 20 Among the mechanisms invoked to explain this protection, enhanced insulin sensitivity and attenuated low-grade inflammationboth predictors of incident diabetes 21 -have been proposed to mediate the effect of alcohol on glucose homeostasis. 22 Notably, the favorable effect of moderate alcohol consumption on insulin action has been particularly well-documented (using a prospective experimental protocol) in nondiabetic postmenopausal women. 23 However, moderate alcohol consumption has been reported to be associated with less hypertension in women. 24, 25 This finding has not been confirmed in other studies, 26 and alcohol consumption is associated with obesity, which itself a risk factor for hypertension. 27 With regard to other potential mediators of the effects of moderate drinking, the serum lipid profile has received much attention. 28 Most epidemiological studies concur to show that alcohol consumption is associated with higher serum concentrations of both HDL cholesterol and triglycerides. 3 Likewise, a meta-analysis of short-term alcohol administration protocols 29 shows that alcohol intake raises both HDL cholesterol and triglycerides within a period of 1 to 9 weeks. This dual effect may result from an alcohol-induced increase in postprandial triglyceride-rich lipoprotein flux and removal, which secondarily raises HDL cholesterol and reverse cholesterol transport. 30 In our cohort, serum HDL cholesterol levels were unfortunately missing in many cases, but the increasing pattern of total cholesterol concentrations across drinking status may reflect increasing HDL cholesterol levels. Serum triglycerides, however, increased across category of drinking status in men but not in women, in whom the inverse trend was observed ( Table 3 ). The reasons for the sex difference in the association between alcohol intake and serum triglycerides are unclear and may simply be caused by confounding. However, differences in frequency of alcohol intake, 31 levels of sex hormone-binding globulin, 32 and genetic polymorphism in the apolipoprotein CIII, 33 apolipoprotein E, 34 and other factors controlling lipid metabolism may be involved.
In conclusion, in a selected high-risk population, moderate alcohol consumption was independently associated with less coronary atherosclerosis and reduced cardiac mortality.
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